The Inexorable
In the business world, almost everywhere one looks new technology abounds-computers, printers, scanners, personal digital assistants, and mobile phones, plus networks for these devices to plug into. Why is this?
First, since 1995 the United States has experienced dramatic improvements in productivity. Although information technology's contribution continues to be debated, evidence suggests that it is responsible for at least some of the effect (Federal Reserve Bank of San Francisco, 2000; McKinsey & Company, 2001; Oliner & Sichel, 2000) . Technology may help increase productivity because manipulating information electronically is often cheaper than physically manipulating things (Negroponte, 1995) . For example:
• Southwest Airlines expends $ı0 to sell a ticket through a travel agent, while it pays $ı to make an online sale (Abate, 2001) . Because Southwest gets 30% of its passenger revenue through online sales, the savings are enormous.
• GE purchases large amounts of supplies and raw materials through online exchanges, generating an estimated savings of $600 million through lower prices and cheaper transaction costs (De Meyer & Steinberg, 2001 ).
• Wal-Mart has extensive databases that give real-time information on individual store inventories to the chain's ı0,000 suppliers, who can refill inventory as needed . Among other things, this system saves Wal-Mart the cost of buying and storing more inventory than it can quickly sell.
• Cisco Systems must train thousands of sales and technical support staff each time a new product is launched. Since those employees are deployed worldwide, the travel costs alone are huge. Through e-learning, Cisco has reported savings of 40-60% over instructor-led courses (Cisco Systems, 2001 ).
Besides aiding efficiency, technology can break down traditional barriers, enhancing the value of products and services. One such barrier was the age-old relationship between richness and reach (Evans & Wurster, 2000) . It used to be that a business could either reach many customers with a relatively spare message-say, through broadcast advertising-or engage a few customers in a deeper interaction (e.g., via a showroom encounter). The Internet has fundamentally changed that traditional relationship by permitting companies to reach many individuals in a personalized way. Customers can use the Web to order a computer built to particular specifications (http://www.dell.com), design their own sneakers (http://www.customatix.com), configure office furniture to suit their needs (http: //www.hermanmiller.com), or purchase pants to fit (http://www.landsend.com).
The value that technology provides to businesses and consumers is continually increasing. One illustration is Moore's Law: Since the late 1960s, computational capability has doubled every ı.5-2 years (Kurzweil, 1999; Negroponte, 1995) . The impact has been to dramatically expand the tasks computers can perform and simultaneously drive down hardware prices. A second illustration is Metcalfe's Law, which states that the worth of a network increases by the square of the number of participants (Evans & Wurster, 2000) . This means that as more organizations and individuals gain access to the Internet, the more useful that access becomes (e.g., consider e-mail).
So, what's inexorable? The relentless advance of technology, not only in terms of its ever-growing capability but, more importantly, its steady infusion into the world of work.
The Inevitable
The inexorable (and rapid) advance of technology in business has important implications for the workforce. For one, it suggests that the ability to use technology will become a standard job-entry requirement. In fact, it's estimated that by 2006 almost half of all U.S. workers will be employed by industries that are either major producers or intensive users of IT products and services (Henry et al., 1999) .
But learning how to use new technology once is not enough. Businesses that currently use technology routinely upgrade to remain competitive. Those businesses that do not yet use technology eventually will. Thus, job entry requirements are likely to increase continually, as they have for the past several decades (Moe & Blodget, 2000) .
In addition to this rise in entry qualifications, the knowledge required to maintain a job in many occupations is changing so fast that 50% of all employees' skills are estimated to become outdated within 3-5 years (Moe & Blodget, 2000) . Therefore, those who are not conversant with technology and skilled at rapidly learning the next technology will be at a disadvantage in finding and keeping a job.
Of course, being skilled in a global economy is not simply about knowing how to use new technology. It also concerns knowing how to solve problems; learn new things; work on a team; communicate; and locate, evaluate, and act on information. But, ultimately, it may be most about combining those more traditional skills with technological ones to get work done.
How do we ensure that our population is able to develop and continually renew the competencies needed for success in a global economy? Several blue ribbon panels have recently studied this question and come to similar conclusions. Interestingly, their conclusions aren't restricted to workforce training but extend to education generally. The Commission on Technology and Adult Learning (2001) , sponsored by the American Society for Training and Development and the National Governors Association, stated the following: "The Commission … encourages governors, CEOs and other leaders to make e-learning the cornerstone of a national effort to develop a skilled workforce for America's digital economy…. By embracing e-learning in our states, our communities and our organizations, we can improve our competitiveness and point the way to a new era of unprecedented growth and opportunity for all Americans." Similarly, the National Association of State Boards of Education (2001) concluded: "E-learning will improve American education in valuable ways and should be universally implemented as soon as possible." The President's Information Technology Advisory Committee Panel on Transforming Learning (2001) recommended that "…the federal government set as a national priority the effective integration of information technology with education and training." Finally, the bipartisan Web-based Education Commission's Report to the President and Congress (Kerrey & Isakson, 2000) concluded, "The question is no longer if the Internet can be used to transform learning in new and powerful ways. The Commission has found that it can. Nor is the question should we invest the time, the energy, and the money necessary to fulfill its promise in defining and shaping new learning opportunity. The Commission believes that we should."
The statements of these panels certainly have an air of what Alan Greenspan might term "irrational exuberance." Is there any indication whatsoever that the e-learning vision implied by these groups has the least chance of coming true?
Maybe there is. For example, with respect to postsecondary education, 35 states now have virtual universities (or other organizations) to deliver or promote Webbased distance learning (Young, 2001) . Are students enrolling? Some online institutions, in fact, have already reached traditional big-campus levels: the University of Maryland's University College has 26,500 pupils (Shea, 2001) , the University of Phoenix Online has 25,000 students (Konrad, 2001) , and the SUNY Learning Network reports offering over 2,000 courses to an enrollment of 25,000 individuals (State University's Premiere, 2001 ).
E-learning's potential to bring postsecondary education to even more diverse audiences is also being explored. The Army recently awarded a $450 million contract to create eArmyU, a consortium of institutions designed to allow soldiers to get degrees online (Emery, 2001; Schwartz, 2001) . EArmyU is now operational, enrolling ı2,000 students in its first year (Arnone, 2001) . Internationally, the People's Republic of China plans to have 5 million students in 50-ı00 online colleges by 2005 (Walfish, 2001) . Also, the World Bank and Australia have announced plans to spend $750 million to bring Internet distance learning to developing countries (Maslen, 2001; World Bank Group, 2001 ).
Electronic resources are playing a growing role for students attending class on campus, too. As of September 2001, 96% of students between the ages of ı8 and 24 reported using a computer, with 86% of students indicating that they did so in school (U.S. Department of Commerce, 2002) . This pervasive use is not just a matter of personal preference: Web resources are a component of the syllabus in over 40% of all college courses (Campus Computing Project, 2000) . Several major institutions are aiding the trend: MIT has begun a ı0-year, $ı00 million effort to put all of its course material online, which includes some 2,000 courses (Schwartz, 2001) . A 500-course "pilot" is already underway. The University of Phoenix, the nation's largest private postsecondary institution, is eliminating paper texts, with 60-80% of classes to be "bookless" by Spring 2002 (Blumenstyk, 2001) . How can Phoenix do this? Simple: the "Big 5" publishers already offer over 850 textbook titles in digital format.
Given the activity at the postsecondary level, it should be no surprise that e-learning is migrating downward. At least ı3 states have established virtual high schools to serve districts without qualified staff, home-schooled students, and children of migrant workers (Carr, 1999; Carr & Young, 1999; Kerrey & Isakson, 2000) . Apex, a for-profit virtual high school that specializes in advanced placement courses, claims agreements with 29 states representing ı5,000 high schools (Apex Learning Instructor, 2001 ).
Not surprisingly, the teaching force is catching on: Nationally representative data suggest that, in Spring 1999, 66% of public school teachers were using computers or the Internet for instruction during class time (National Center for Education Statistics, 2000) . In what specific ways were they using them? Teachers said they assigned students work to a large or moderate extent that involved word processing, spreadsheets or other applications (4ı% of teachers), practice drills (3ı%), and research using the Internet (30%). In a Spring 2001 survey, Quality Education Data found that 90% of K-ı2 teachers indicated using the Internet as a professional resource (Quality Education Data, 2001). They employed it most frequently for research (89% of teachers), communication with colleagues (85%), and professional development (73%).
What about students? An Education Department survey indicates that, in the fall of 2000, 77% of public-school instructional rooms contained computers connected to the Internet and that the ratio of students to those computers was 7:ı (National Center for Education Statistics, 2001) . Are students using those computers? The U.S. Department of Commerce (2002) reports that, as of September 2001, 75% of children aged 5-9 and 85% of those ı0-ı7 used a computer at school. 2 For late elementary through high school, lower, but still considerable, percentages used the Internet-45% of those aged ı0-ı3 and 55% of those ı4-ı7.
What do students use computers for? In a nationally representative sample taking the 2001 NAEP U.S. History assessment, 82% of 8th grade and 86% of ı2th grade students indicated using a word processor to write reports at least to some extent; 73% and 77%, of those respective groups reported using the computer for research (Lapp, Grigg, & Tay-Lim, 2002) . Similar results appear in Education Week's 2001 technology survey, where an overwhelming majority of grade 7-ı2 students said they employed a computer for school research or for writing papers (Technology Counts, 2001) . The significant use implied by these various data sources To be sure, e-learning and, more generally, educational technology are not without critics and not without failures. Critics have argued that empirical support for the effectiveness of e-learning is inconclusive, that technology has not improved teaching or student achievement, and that continued investment is unjustified (e.g., Cuban, 2000 Cuban, , 2001 . 3 Although this argument raises very important concerns, its conclusion does not necessarily follow. First, it may be true that computers have not changed how teachers instruct or how much students learn (at least in the ways we currently measure achievement). However, the tools students use to learn certainly are changing, as the data cited above suggest. There is no question that the need to learn these tools is, in part, driven by their pervasive position in the world of work. 4 But these tools are also becoming part of the equipment of 21 st century scholarship and, consequently, necessary for college-bound students generally. Knowing how to do intellectual work with technology-to model a problem using a spreadsheet, create a presentation, use data analysis tools, find information using the Internet, or write and revise a paper with a word processor-is becoming a critical academic skill.
Second, even if e-learning is no better than traditional instructional methods it may still make for a wise investment in some circumstances. For instance, many individuals can't get the education they desire from local sources. These individuals include adults whose work or family responsibilities prevent them from physically attending class on a set schedule, as well as younger students whose school districts don't have staff qualified to teach certain specialized courses. For these students, it's either electronic access to a desired educational experience or no access at all.
Besides critics, e-learning has had its share of failures. The speculative dot.com bubble that burst in late 2000 hit online learning ventures, too: Temple University pulled the plug on its for-profit distance learning company; Caliber and Pensare went bankrupt; NYUonline and the U.S. Open University announced that they would shut down; UNext laid off staff; and Columbia's Fathom changed its approach (Arnone, 2002a (Arnone, , 2002b Caliber Files, 2001; Carnevale, 2001; Mangan, 2001a) .
J·T·L·A Still, it is hard to dismiss the widespread indications that technology is beginning to play an important role in education. At the very least, to quote Bob Dylan, "Something is happening here…."
The Implications for Assessment
Increasingly, people have to know how to use technology to work and to learn. Thus, technology is becoming a substantive requirement in its own right. The emergence of technology as a necessary skill means there will be tests of it. For those who specialize in computing, such tests have become common for certifying job proficiency (Adelman, 2000) . But as working and learning begin to require technology competence of almost everyone, assessing these skills will become routine.
Perhaps more important for assessment, however, is that technology is also becoming a medium for learning and work. The CEO Forum on Education and Technology (2001) suggests, "…as schools…integrate technology into the curriculum, the method of assessment should reflect the tools employed in teaching and learning." At the least, a mismatch between the modes of learning and assessment could cause achievement to be inaccurately estimated (Russell & Haney, 2000) . Writing presents a good example: More and more, students are using the computer to complete composition assignments; however, research suggests that testing these students on paper underestimates their proficiency (Russell & Plati, 2001) . The bottom line is that, as students come to do the majority of their learning with technology, asking them to express that learning in a medium different from the one in which they routinely work will become increasingly untenable, to the point that much of the paper testing we do today will be an anachronism (Bennett, 2001) .
Acting on the Implications
Education leaders in several states and numerous school districts have recognized the inevitability of technology-based assessment. Table ı (page ı0) gives a summary of the state-level activity involving current or planned operational delivery of such tests. (Practice tests or pilot projects with no current commitment to operational delivery are not included.) Several points should be noted. First, states are implementing technology-based tests in elementary and secondary schools and in all of the key content areas (i.e., reading, math, science, English, social studies). For example, Georgia is creating a testing program at both levels, each program covering a range of subjects. Second, states plan to deliver both low-and high-stakes examinations through this medium. Some tests, like Virginia's Algebra Readiness Diagnostic Test, are intended for instructional purposes, whereas its eSOL (Standards-of-Learning) tests will be used for making graduation decisions. Third, some of these examinations are already being administered statewide, whereas others will take several years to bring to fully operational status. For instance, South Dakota, which has broadband access in every classroom and a 2:ı ratio of students to Internet-accessible computers, began administering the Dakota Assessment of Content Standards for all students in Grades 3, 6, and ı0 exclusively via the Internet in April 2002; there is no paper version of the test. Other states, such as Georgia and Oregon, will offer assessments in both Web and paper format until electronic delivery can be made universal. Fourth, the tests generally use multiple-choice items exclusively, though the intention typically is to move in later versions to more complex tasks that better represent the instructional uses of technology that schools are moving toward (e.g., Internet research, writing on computer, data modeling). Finally, in some cases it is clear that electronic assessment is part of an integrated state plan to employ technology throughout the educational process. Virginia has as an explicit goal the online delivery of instructional, remedial, and testing services. South Dakota is well along toward realizing a similar vision, having intensively trained over 40% of its teachers to use technology in the curriculum and having connected its schools, libraries, and postsecondary institutions into a high-speed data/video network. (Wainer & Eignor, 2000) .
Cost
The early entrants into computerized testing bore the cost of creating a computer-based test-center infrastructure, electronic tools for writing items, presentation software, and the large item pools needed to support continuous high-stakes testing. K-ı2 education will benefit enormously from the fact that (ı) hardware is much cheaper than it was a decade ago, (2) integrated test authoring and delivery software is now readily available, (3) a universal electronic delivery network built with other people's money now exists (the Internet), and (4) because it has broad instructional use, the local-school space, software, hardware, and Internet connections used for testing can be expensed through other budgets. Still, the required investment and operational costs will, at least initially, be large relative to paper testing. Among other things, these costs will include vendor charges for testing software, central servers to house test content, training, and technical support. Although some analyses (e.g., Neuburger, 2001) suggest that the savings from eliminating such paper processes as printing and shipping will eventually outweigh these costs, state budget deficits from recession and the unplanned expense of homeland defense may cause financial support for computer testing efforts to waver.
How can these costs be met? Perhaps the least effective approach would be for each state to create it own system, duplicating the efforts of others with similar population characteristics and education needs. Instead, consortia, cooperative agreements, or buying pools for obtaining test questions, telecommunications equipment, computer hardware, testing software, and equipment maintenance should be considered.
Measurement and Fairness Issues
The experience of the early entrants also suggests that there will be nontrivial measurement and fairness issues. For those k-ı2 agencies that plan to offer the same tests on paper and computer, comparability will be a concern, especially for highstakes decisions. Although comparability has often been supported (Bridgeman, 1998; Mead & Drasgow, 1993; Schaeffer, Bridgeman, Golub-Smith, Lewis, Potenza, & Steffen, 1998; Schaeffer, Steffen, Golub-Smith, Mills, & Durso, 1995) , in some instances it does not hold, as when examinees are tested in a mode different from the one in which they routinely work (Russell & Plati, 2001 ). Further, while it is desirable from a fairness perspective, comparability may limit innovation by preventing the computer-based version from exploiting the technology to broaden measurement beyond what traditional methods allow. Where feasible, the wise choice may be to eliminate the problem entirely by offering only a computerbased instrument, as South Dakota has done, or by delivering in the two modes for as short a period as possible.
Regardless of whether the test is delivered solely on computer, there is a second comparability concern. This concern is for "platform" comparability. From one school to the next (and even within the same school), monitor size, screen resolution, keyboard layout, connection speed, and other technical characteristics may vary, causing items to appear differently or to take more time to display. (Display-time variations may occur for the same machine as a function of time of day.) Any of these variations may affect scores unfairly. For instance, Bridgeman, Lennon, and Jackenthal (2001) found that lowering the screen resolution, and thus increasing the need for scrolling, diminished test performance on reading comprehension items by a small (but nontrivial) amount. Similarly, Powers and Potenza (1996) presented evidence to suggest that essays written on laptops might not be comparable to those written on desktops having better keyboards and screen displays.
A third measurement issue is differential computer familiarity. Although physical access to computers at school differs little by income and racial group, home-access disparities are still substantial (U.S. Department of Commerce, 2002) . Thus, there may be group (or individual) differences in computer experience that affect test performance in construct-irrelevant ways. For multiple-choice tests, the research to date suggests that differences in computer experience have little, if any, effect on test scores (e.g., Bridgeman, Bejar, & Friedman, 1999; Taylor, Jamieson, Eignor, & Kirsch, 1998) . However, as electronic tests incorporate more performance tasks, the complexity of the mechanisms for responding-and the demands on computer facility-could well increase.
Technological Dependability
As we all know, and as the large, high-stakes testing programs have found, computers do not always work as intended (e.g., Mangan, 2001b) . Such glitches are conceptually similar to printing and shipping errors in paper programs that cause examinees to receive no test, take an erroneous test, or complete a correctly printed test that never reaches its destination. Though any such event is unacceptable, for paper and electronic programs, these occurrences are, in fact, extremely rare. For k-ı2 assessment programs, the situation may be initially more troublesome because computer delivery is a new business for most vendors and because schools do not always have ready access to the onsite technical staff needed to fix problems quickly.
Security
High-stakes electronic testing entails security problems that are not very different from those of paper programs; in particular, items can be stolen or examinee data tampered with regardless of delivery mode. Rather, it is more the specific methods of wrongful access and prevention that differ. For example, electronic delivery depends on such preventatives as encryption, firewalls, and controlled software access. In paper delivery, security depends on tracking shipments and keeping materials under lock and key. (In either paper or digital form, once stolen, item content can be shot around the world at the touch of a button. For paper, there is only the extra step of first scanning the pilfered document.) The challenge for k-ı2 programs, then, is not that security threats will necessarily be greater, but that staff must manage new methods of detection and prevention. 5
Conclusion
This paper has argued that the advance of technology is inexorable in at least two ways. First, technological capability is increasing exponentially. Second, new technology is pervading our work, and it is beginning to infuse learning.
The paper also argued that the incorporation of technology into assessment is inevitable because, as technology becomes intertwined with what and how students learn, the means we use to document achievement must keep pace. However, it is similarly inevitable that this incorporation will not be easy. There are still enough open issues, especially of cost and measurement, that at least some significant setbacks will occur. But even if all of the existing issues were resolved, the history of technology is one of unanticipated consequences that are not always positive.
Given the dangers, one can see why some states chose to begin the transition with low-stakes assessments. The decisions based on these tests can tolerate lower levels of measurement quality, technological dependability, and security; moving too quickly to high-stakes tests would maximize risk-political, financial, legal, and educational. Similarly, the use of multiple-choice questions is very sensible. They can be easily presented on-screen and require little computer skill for responding. Incorporating significant numbers of performance tasks at this stage would raise costs, demand more sophisticated presentation software, and increase the potential for construct-irrelevant variance in responding.
What the states are doing now, however, must be only a beginning. If all we do is put multiple-choice tests on computer, we will not have done enough to align assessment with how technology is coming to be used for classroom instruction. Sadly, our progress in using the computer to improve assessment has been limited. Almost a decade ago, we moved the first large educational tests to computer, fully intending to use technology to introduce new measurement approaches. These efforts got as far as adaptivity and then due to cost, technical complexity, the need to maintain scale, and the sufficiency of multiple-choice for summative decision-making, moved no farther. Fortunately, k-ı2 agencies have educational responsibilities that may force them to go beyond the initial achievement of computerization to create assessments that support learning and instruction in ways that paper tests cannot. Researchers can help them meet this challenge by discovering how to cost-effectively design coherent systems of assessment that have both summative and formative components (Pellegrino, Chudowsky, & Glaser, 2001 ). These systems might include simulations and other complex performances that not only indicate achievement level, but offer proficiency inferences with clear instructional implications. Creating such systems will be a difficult challenge, but it is aided by an emerging science of assessment design (Mislevy, Steinberg, Almond, Breyer, & Johnson, 2001; Pellegrino, Chudowsky, & Glaser, 2001 ).
To be perfectly clear, it is not at all inevitable that we will incorporate technology into assessment in ways that bring lasting educational benefit. The question is no longer whether assessment must incorporate technology. It is how to do it responsibly, not only to preserve the validity, fairness, utility, and credibility of the measurement enterprise but, even more so, to enhance it. In this pursuit, we must be nothing less than inexorable. 4 There is certainly a clear and influential economic dimension to the argument for using computers in schools. This argument has become critical only in the past few decades with the emergence of the global economy. The genesis of the current school reform movement is often linked to the publication of A Nation at Risk (National Commission on Excellence in Education, 1983), which opens with these words:
"Our Nation is at risk. Our once unchallenged preeminence in commerce, industry, science, and technological innovation is being overtaken by competitors throughout the world."
Since the publication of that report, almost 20 years ago, the perceived threat has not diminished. In a report titled, School Technology and Readiness, the CEO Forum on Education and Technology (2001) puts it this way:
"Student achievement must be improved in order to prepare students to succeed in the global economy. Many observers liken the need for a world class, highquality educational system to a national security issue. The United States can only remain a leading power in the global economy if it continues to ensure students will be prepared to thrive in the future."
The concern of both these reports is in not having a workforce skilled and productive enough to compete with those of other nations. A skilled and productive workforce keeps jobs at home by encouraging both domestic and foreign businesses to invest here. That, in turn, helps us maintain a high standard of living and a tax base strong enough to support an effective national defense. And, as suggested, the ability to use technology in conjunction with other competencies helps make for a skilled and productive workforce.
5 Security will be more costly and complex if testing is done continuously. Continuous testing may call for larger item pools, methods of controlling item exposure, and the frequent rotation of pools in and out of service.
